We present B, V , and I photometry of the stellar Ðeld SA 98 in the plane of the Galaxy. This Ðeld is located on the opposite side of the Galactic center, in the direction of the Monoceros region. The magnitude and color counts predicted by & van AltenaÏs Galactic structure and reddening model, Me ndez based on the reddening maps derived from the work of FitzGerald and Neckel & Klare or on Schlegel, Finkbeiner, & DavisÏs total reddening values, do not agree with the observations. Detailed inspection by means of color-color diagrams of selected Landolt standard stars within SA 98 shows a strong clumpiness and inhomogeneity of the reddening distribution along the line of sight. These color-color diagrams allow an optimization of the model-predicted color counts. A disk scale length of about 2.0 kpc based on the color counts of giant stars seems to be favored. Our Ðndings also provide evidence to suggest that a supplemental reddening-heliocentric distance relation other than a simple exponential function must be used to apply the Schlegel et al. values at low Galactic latitude to construct reddening maps.
INTRODUCTION
Interstellar extinction and reddening are essential issues in many Ðelds of optical and infrared astronomy. Nevertheless, the distribution of extinction is known by direct observation only in the immediate solar neighborhood. Parenago (1945) mapped the local reddening distribution using color excesses of approximately 3000 stars, and he was the Ðrst to propose a functional variation for the reddening in the zdirection, perpendicular to the Galactic disk, based on the assumptions
where n(r) is the volume density of the absorbing material, is the scale height of the reddening layer, Z is the dish red tance from the Galactic plane of an object with heliocentric distance r and Galactic latitude b, and is the distance of Z _ the Sun from the Galactic disk. This expression was validated later in studies by Allen (1954) on the statistical distribution of various types of stars and by Ochsenbein (1983) on the z-distribution of Am stars. FitzGerald (1968 FitzGerald ( , 1974 FitzGerald ( , 1987 carried out an extinction survey using the color excesses of more than 7800 stars covering spectral types from O to M. Neckel & Klare (1980, hereafter NK) obtained extinction values and distances from UBV , MK, and Hb data for more than 1100 O to F stars. Galactic structure studies involve the analysis of star counts and comparison with Galactic model simulations. Most of the studies comparing the observed and predicted star counts have avoided the low Galactic latitude regions (Bahcall 1986) , where the dominant factor determining the observed counts is the distribution of interstellar reddening, whose complex nature make such analysis very difficult.
& van Altena (1996) developed a semiempirical Me ndez Galactic structure and kinematic model in order to predict star counts self-consistently with the kinematic distribution. The same authors also proposed a reddening model at low Galactic latitude & van Altena 1998) in order to (Me ndez predict the heliocentric distribution of reddening in the Galactic plane ; they used the NK and FitzGerald (1968, 1974, 1987) data to cover the zone of avoidance ( o b o \ 10¡), excluded in the Burstein & Heiles (1982) maps. The model exhibited excellent agreement for the large-scale distribution of reddening material on six 3 ] 3 deg2 low-latitude regions selected from the Guide Star Catalog, but it was not (Mihalas & Binney 1981, p. 248) . The Sun is near the inner edge of the Orion-Cygnus arm, 8.5 kpc from the Galactic center. The arrow illustrates the direction of SA 98 toward Monoceros with respect to the local spiral structure. The length of the arrow is scaled to 2 kpc, the view depth of this study.
tested against any data for smaller solid angles. Subsequently, Schlegel, Finkbeiner, & Davis (1998, hereafter SFD) published maps of total extinction using COBE DIRBE and IRAS ISSA data, and they extended the coverage to the whole sky, including the Galactic plane, with an average angular resolution of
The accuracy of the SFD 6@ .1. maps in the region where they did not overlap with the Burstein & Heiles maps (i.e., in the Galactic plane) has not yet been explored.
SA 98 is one of the Landolt standard Ðelds (Landolt 1983 (Landolt , 1992 and was selected from an observation carried out for other scientiÐc goals. This Ðeld lies in the Galactic plane, on the opposite side of the Galactic center, in the direction of Monoceros see Fig. 1 ). Observing a (l \ 213¡ .3, b \ [0¡ .2 ; planar Ðeld, by reducing the free parameters in the Galactic structure model (see°3.3), provides us with a good chance to constrain the reddening and absorbing material in the line of sight for a small solid angle (0.01568 deg2), by comparing observed counts with those predicted by the Galactic structure model and its associated reddening model for low latitude, and to compare observed values with the reddening values derived from the SFD maps.
For the purposes outlined above, we have compared the star counts obtained from the Galactic structure model using the reddening model at low Galactic latitude (Me ndez & van Altena 1996 , 1998 ) with our observations, after constraining the heliocentric variation of the absorption through the use of other observational evidence such as MK spectral classiÐcation and photometric parallax. We Ðnd that the disk scale length and the absorption-toreddening ratio, can be derived by means of star counts, R V , thus providing a very e †ective way to explore the structure of the Milky Way. In°2, we describe the observations, including the photometric errors and the completeness test on this crowded Ðeld. Section 3 presents a short introduction to the model we use. In°4, the analysis and the comparisons between model and observations are presented. Finally, in°5 we give the main conclusions of our paper. (Landolt 1992) , were integrated for a shorter exposure time. More than 40 standard stars (Landolt 1983 (Landolt , 1992 were used for the photometric calibration, and the errors due to the calibration, including the transformation between instrumental and real magnitude as well as air-mass correction, are on the order of 0.001 mag, much smaller than the observation errors described below. The IRAF crowded-Ðeld photometry package DAOPHOT II (Stetson 1987 ) was adopted to solve for instrumental magnitudes and formal errors, based on the sky and stellar photon statistics of all the objects found in the Ðelds. Roundness and sharpness criteria were chosen carefully in order to eliminate both extended targets (e.g., galaxies) and cosmic rays. In general, this step is critical to prevent contamination of the star counts by these nonstellar objects. However, for our Ðelds this contamination is not important, because at magnitudes fainter than 20 galaxies will dominate, and most of our studied Ðelds have limiting magnitudes brighter than this threshold. In this paper, only the stars in Landolt Ðeld SA 98 are discussed ; the results from the other Ðelds will be discussed in a subsequent paper. The photometric uncertainties, including observation and calibration errors, are shown in Figure 2 as a function of V magnitude.
To estimate and correct the ratio of stars missed by the reduction pipeline or concealed by foreground stars, thousands of artiÐcial stars with the same point-spread function as that obtained by DAOPHOT were generated within different magnitude bins and placed back in the SA 98 Ðeld, FIG. 2 .ÈCompleteness test for the Ðeld SA 98 as a function of apparent V magnitude. ArtiÐcial stars with a point-spread function identical to the observed one were placed back into the frame to test the ratio of stars missed by the reduction pipeline, or by the overlap on foreground stars. Five experiments were carried out ; the average result is presented as the solid line. distributed randomly and uniformly. The same reduction procedure based on identical parameters was repeated, counting the recovered artiÐcial stars with well-known positions and magnitudes to estimate the missing ratio. Figure 2 shows that there is a well-deÐned completeness cuto † at a certain magnitude, and that the recovery fraction is in excess of 95% for objects brighter than this cuto † (V \ 16). An interesting fact is that this cuto † is strongly correlated with the magnitude errorÈwhen the error distribution begins to grow, the completeness drops dramatically. This hinted that we should deÐne the "" limiting magnitude ÏÏ by means of the magnitude error. Only the stars with V \ 18 were used for further statistical study, and with our simulations we also conÐrmed that fewer than 5% of stars are missed for V \ 16, while a correction of the incompleteness was carried out for the portion at 16 \ V \ 18, adopting the results of the above test. The photometric precision might be as accurate as 0.01 mag for objects brighter than the limiting magnitude in this observation. This completeness test and its relation to the limiting magnitude are important for a comparison with the star counts predicted by the model : adopting an overly optimistic limiting magnitude in the model will cause an overestimate in the predicted color count simulations.
REDDENING MODELS AND STAR COUNTS
To compare with observations, we use the Galactic structure and optical reddening models for the solar neighborhood proposed by & van Altena (1996 Altena ( , 1998 . Here Me ndez we only summarize the model for the convenience of the reader ; more details can be found in the original papers. (r, l, b) . An exponential decaying law perpendicular to the Galactic plane was adopted, leading to
if b \ 0 and r o sin and
There have been several determinations of the scale height of the reddening material, (Parenago 1945 ; h red Pandey & Mahra 1987 ; Scheffler & 1987 ; Spitzer Elsa sser 1978 ; Solomon, Sanders, & Scoville 1979) . We have assumed pc in the reddening model. The most h red \ 110 frequently used reddening values E(B[V )(l, b) are derived = from maps constructed using neutral hydrogen (H I), CO, or infrared surveys. It is known that the reddening is approximately proportional to the column density of material, as with neutral hydrogen (Heiles 1976 ; Burstein & Heiles 1978) . The Burstein & Heiles maps (1982) , the most common reference, provide a wide sky coverage but lack information on the Galactic plane because of the dense, heterogeneous, and complicated distribution of molecular clouds in the disk. The study by SFD extended the reddening map to the Galactic plane by using COBE DIRBE and IRAS ISSA data with the zodiacal foreground light and conÐrmed point sources removed. According to SFD there is an average 0.02 mag di †erence in E ( 
L ow-L atitude Reddening Model
At low Galactic latitude, a reddening through to inÐnity is not available. Therefore, E(B[V )(l, b, r) was calculated by using the following scheme :
& van Altena (1998) Me ndez used published reddening maps giving E(B[V ) versus Galactic positionÈheliocentric distance r and Galactic longitude and latitude l and b. The main optical survey data come from studies of the spatial distribution of reddening material in the solar neighborhood by FitzGerald (1968 FitzGerald ( , 1974 FitzGerald ( , 1987 and by NK. FitzGeraldÏs map included the whole Galactic plane at o b o D 0¡, while NKÏs maps covered selected regions with b \ 10¡. Using these data, the lowlatitude grid consists of 388 lines of sight with 1263 independent node points covering the whole Galactic plane at o b o \ 10¡. The average angular resolution in Galactic longitude is around 1¡. An interpolation and extrapolation of the reddening to the target position (l, b, r) using nearby node points was proposed by & van Altena (1998). Me ndez Six regions with centers at o b o \ 10¡ were selected from the Guide Star Catalog to compare with the predictions from the star-count and reddening model, yielding excellent agreement. We should stress that the Ðeld of view for each region selected from the Guide Star Catalog was 3¡ ] 3¡, larger than the angular resolution of FitzGeraldÏs and NKÏs maps, guaranteeing that at least one line of sight for reddening data fell into the Ðeld. Unfortunately, there is neither FitzGerald nor NK data directly available within our target Ðeld SA 98, because the Ðeld of view is only much smaller than the average angular 0¡ .396 ] 0¡ .396, resolution of the reddening maps ; interpolation from nearby lines of sight must be applied to construct the heliocentric distribution of the reddening material.
The absorption-to-reddening ratio at wavelength V is deÐned as
where A refers to the absorption (in magnitudes) and r is the source location (Spitzer 1978) . Consequently, quantiÐes R V whether the extinction curve is rising steeply into the UV or not ;
is D3 for a steeply rising extinction curve and D5 R V for a slowly rising one (Binney & MerriÐeld 1998) . Smaller values of generally apply to lines of sight that do not R V penetrate deeply into a molecular cloud. A conventional value of is generally chosen in applications that do R V \ 3.1 not intersect dense clouds (Mihalas & Binney 1981 ; SchefÑer & 1987 ; Sneden et al. 1978) . In addition, it is Elsa sser well known & Moreno 1975 ) that is (Gutie rrez-Moreno R V also a function of the spectral energy distribution of the stars studied and of the amount of reddening itself.
The FitzGerald, NK, Burstein-Heiles, and SFD maps only provide E(B[V ). In order to generate star counts in di †erent bandpasses, a relation must be used to transform E(B[V ). Stanek (1996) determined an absorption-toreddening relation
by investigating interstellar extinction based on two-band photometry, which uses red clump stars as a means to construct the reddening curves. SFD also suggested a scheme in their appendix to convert the reddening E(B[V ) to various bandpasses. We adopted it and obtained a result, 2.44, similar to StanekÏs. Equation (2) was adopted in the reddening model to calculate E(V [I).
Star-Count Model
A star-count model consisting of three components, including a halo, thin disk, and thick disk, proposed by & van Altena (1996) has been used, along with the Me ndez reddening model described above. Using this model, we computed the expected magnitude and color counts in the SA 98 Ðeld. The parameters in the star-count model can be greatly simpliÐed for the Ðelds lying in the Galactic plane. The fraction of thick disk and halo stars, varying from 2% to 6%, can be omitted, because the overwhelming majority of the stars come from the disk component. The scale height of the components can be ignored because the Galac- 
1995), where represents the mean stellar (Me ndez ) D density of the disk component at the solar Galactocentric position (r, Z) is the position in cylindrical coordinates of r 0 , the point to be evaluated, and is the perpendicular scale h z height for the disk. In the following section we concentrate on the discussion of the parameters, E(B[V )(r) SA98
, R V , and and their implications for the predicted counts. h r ,
ANALYSIS AND COMPARISON
An exponentially decaying model was adopted to predict the star count of the low-latitude Ðeld SA 98. It was similar to that used for high and intermediate Galactic latitudes but included the reddening value through inÐnity of SA 98 derived from SFD, which is the only source of E(B[V ) = available.The observed and predicted magnitude and color counts are shown in Figure 3 . The predicted star counts from the low-latitude reddening model using FitzGeraldÏs and NKÏs maps are also shown for comparison. It is clear that the predictions of these two models do not agree well with the observations. It should be noted that no node points in either the FitzGerald or the NK maps fall into the Ðeld SA 98, and hence the heliocentric distribution of the reddening was interpolated from four other node points along nearby lines of sight. The disagreement between the observations and the reddening models perhaps comes from the disparity between the actual reddening distribution and the interpolated one, and that disparity is the result of the poor angular resolution of FitzGeraldÏs and NKÏs maps. The complex nature of the reddening material makes the interpolation di †erent from reality in such a tight solid angle. The predictions from the model with the reddening derived from SFD di †er from the observations much more than do those based on the low-latitude model. There are two possible sources of error : either the functional form we assumed in the model (eq. [1]) is improper, or the reddening given by SFD is not accurate. Explaining the inconsistency therefore requires more scrutiny, as shown below.
The distribution of the absorbing material can be explored and estimated by other optical methods. A colorcolor diagram of the Landolt standard stars within the SA 98 Ðeld is plotted in Figure 4 , along with four other Landolt Ðelds (Landolt 1992 (Landolt , 1983 for comparison. The data for the intermediate-and high-latitude Ðelds are spread along a well-deÐned characteristic line. Judging from the concentration and the slight separation of the theoretical tracks and the characteristic reddening line, the variation and amount of reddening in these Ðelds are small ; the result can therefore be treated as a uniform distribution. The distribution in SA 98, however, behaves quite di †erently in comparison with the other Ðelds in the color-color diagram ; the loose spread indicates an intricate distribution of the reddening material along the line of sight. For a better understanding of the reddening distribution in the direction of SA 98, standard stars that had both spectral type and UBV photometry from the SIMBAD database were selected, and the photometric parallax method was used to estimate their heliocentric distances. E(B[V ) can be calculated from the intrinsic color published by Schmidt-Kaler (1982) . region with less absorption than the values suggested by the above authors. In any case, it is clear that the nature of the reddening material cannot be described by a simple linear or exponential relation alone. The heliocentric reddening distribution can be constrained by the technique of star counts. The other essential parameters in the model are the scale length of the disk and the absorption-to-reddening ratio which is almost a R V , constant for Ðelds not in the Galactic plane. (R V D 3.1) Because of the knotty properties of the dense dust in the line of sight of low-latitude Ðelds, may rise to 5.0 (Cardelli, R V Clayton, & Mathis 1989). A 0.15 mag kpc~1 reddening law within 2 kpc was selected as our Ðrst experiment (Fig. 5,  dotted line) , and an assumption of constant absorption mag kpc~1 for the region farther than 2 kpc was A V \ 1.5 used in the model. The predicted counts versus color for various values of are shown in Figure 6 . We can R V separate the color counts into three main characteristic regions :
1. Color counts in the blue region, with B[V \ 0.7, are not sensitive to A detailed inspection of the output R V . generated by the model shows that these counts are dominated mostly by main-sequence stars. Therefore, the star counts in the blue region will mainly correlate with the reddening distribution. The overestimate of the predicted counts in the blue region indicates an underestimation of the radial distribution of reddening along the line of sight.
2. The maximal distribution rises in the intermediate region, 0.7 \ B[V \ 1.3. The star count depends strongly on for a chosen reddening function. It enables us to R V determine after a reddening map is obtained from a Ðt R V , of the model to the blue region.
3. There is a minor peak in the red region, B[V [ 1.3, where a solid line is presented for the color counts of giants only under the assumption of a given From the predic-R V . tions of the model, we found that the color counts in the red FIG. 6 .ÈPredicted color counts based on the reddening relation of the Ðrst experiment (Fig. 5, dotted line) for di †erent values of Obser-R V . vational points are displayed as Ðlled circles with Poisson error bars. Three color regions are identiÐed, which depend di †erently upon the adopted value of the reddening map, and the scale length of the disk (see text). R V , region are dominated by giant stars that are farther away than main-sequence stars and therefore more sensitive to the adopted value for the scale length of the disk.
According to the properties of the three color regions outlined above, we are able to constrain, in sequence, the parameters of the heliocentric reddening distribution, and R V , the scale length of the Galactic disk.
To determine the reddening distribution of the absorbing material at di †erent heliocentric distances, two magnitude groups were deÐned based on Figure 7 , which plots V magnitude versus average heliocentric distance This average r6 . distance is less than 2 kpc for giant stars brighter than r6 16th magnitude, while dwarf stars are always closer than 2 kpc. Minimizing the discrepancy in the color counts between model and observations by iterating the heliocentric absorption slope in the magnitude regimes V \ 16 and 16 ¹ V \ 18, we can restrict the reddening distribution. This means that the best reddening determination has to yield the least variation simultaneously for both groups. Fig. 8, right) groups. We adjusted to R V minimize the discrepancy at the color peak, yielding a value of 3.2^0.2, similar to the conventional value usually adopted. A possible explanation for this value is that the SA 98 Ðeld is on the opposite site of the Galactic center, where the absorbing material is not so dense and the reddening FIG. 7 .ÈAverage heliocentric distance vs. apparent V magnitude as r6 derived from the star-count model. Giant stars are represented by the solid line, and main-sequence stars by the dashed line. It is apparent that in both cases our sample only constrains the reddening distribution closer than 2 kpc from the Sun. curve does not rise so steeply. This can be readily seen from the reddening function shown in equation (3), obtained by Ðtting the color counts in the blue region.
derived from SFD in the direction of SA 98 E(B[V ) = yields 0.891 mag, which corresponds to the reddening through to more than 3 kpc in our Ðtted reddening function (eq. [3]), beyond the limit of 2 kpc for our study. This means that the SFD reddening value is not inconsistent with our reddening curve, but similarly, we cannot directly prove the correctness of the SFD maps in the low-latitude region o b o \ 10¡. The discrepancy between the observed counts and those predicted by the model adopting E(B[V ) = obtained from the SFD maps comes from the reddening law for the Galactic plane, which, unlike that for high and intermediate latitudes, cannot be of an exponential form (see Fig. 5 ). This improper functional form causes an underestimation of the reddening at small heliocentric distances and causes the model to generate too many counts. This shows that a supplemental reddening-distance relation other than an exponential one must be used at low Galactic latitude to apply the SFD reddening values in applications involving Galactic structure studies.
The minor peak in the red color region is sensitive to the parameter the scale length of the thin disk. Gilmore, in h r , his earlier model (Gilmore 1984) , adopted an of 4.0 kpc, h r but in his latest version (private communication cited in Colless et al. 1991) he suggested adopting a value of 3.5 kpc. The scale length has been found to vary from 3.0 kpc (Eaton, Adams, & Giles 1984 ; Freudenreich 1997 ) to 2.0 kpc (Jones et al. 1981) , with observations of 2.5 kpc as well (Ruelas-Mayorga 1991 ; . The advanBienayme tage of our studyÏs use of a Ðeld in the Galactic plane is that uncertainties coming from other structural parameters, such as the scale height can be minimized because z D 0 h z , (b D 0) in a double exponential decaying density law (Bahcall 1986, his Table 1) , with the result that only will h r dominate. As mentioned above, most of the red counts are dominated by the disk, rather than by the halo or thick disk, making the predicted counts almost insensitive to the fractions of those two components. An initial guess of h r \ kpc was adopted in the model to generate the predicted 3.5 color counts. Comparing with the minor peak in the red region, we found that a lower would decrease the predicth r ed color count of the red peak. A few experiments were carried out, and an kpc was found to be the best h r \ 2.0 value.
In the model, is assumed to be a constant, but this may h r not be valid in the outer Galaxy, where dark matter could dominate the absorbing mass. Radio observations suggest the thickness of the H I could extend to 400 pc at 13 kpc, while the layer remains Ñat, reaching 200 pc at 12.5 kpc H 2 Galactocentric distance (Combes 1991) . There is still a discrepancy in the red wing of the minor peak, which is believed to come from red giants farther than 2 kpc, where a constant absorption of mag kpc~1 is perhaps not A V \ 1.5 suitable. However, our observations are not deep enough to constrain the absorption and reddening beyond 2 kpc. A value of kpc agrees with the value of 2.25^0.05 kpc h r \ 2 derived in a recent study (Chen et al. 1999 ) from four starcount samples distributed through di †erent Galactic directions. The predictions of magnitude and color counts after all parameters were optimized are displayed in Figure 9 .
CONCLUSION
We have constrained the reddening distribution in the direction of the low-latitude Ðeld SA 98 through the technique of star counts, yielding the scale length of the thin disk and the absorption-to-reddening ratio.
From previous studies, and from our own photometric distances derived for Landolt stars of know spectra, we Ðnd that the reddening material is very clumpy in the Monoceros region. Our results, obtained from a best Ðt of the color counts, suggest that there exists an opaque zone within 1 kpc of the Sun, which becomes more transparent in the region between 1 and 2 kpc. The star-count model predictions from this reddening distribution strongly agree with the observed color counts.
The absorption-to-reddening ratio was determined R V from the peak of the color counts, yielding a result of R V \ 3.2^0.2, close to the canonical value found in high or intermediate Galactic latitude Ðelds. A reasonable explanation of the lower value, compared with that found in the other direction in the Galactic plane, has been proposed in°4
. Thus, the relative transparency causes an as low as R V the conventional quantity.
From the star counts of red giants with B[V [ 1.3, the scale length of the thin disk was determined to be 2^0.25 kpc. It should be emphasized that only three key parameters were involved in the modeling of this low-latitude Ðeld, and that the distribution of giants was very sensitive to the adopted scale length. Therefore, the uncertainty of the scale length would be minimized in relation to that derived from high and intermediate Galactic latitude Ðelds. The result we obtain is smaller than that suggested by earlier studies but close to the one recently published by Chen et al. (1999) .
The reddening to inÐnity derived from the SFD values in the Galactic plane yields a large discrepancy in both magnitude and color counts when using the high-and intermediate-latitude reddening law (eq. [1]). Compared with the heliocentric reddening distribution obtained by the standard stars, E(B[V ) is still reasonable in the region of r \ 2 kpc. This fact strongly suggests that the discrepancy comes not from an erroneous derived from the E(B[V ) = SFD map but from the fact that the adopted exponential reddening law is not valid for the region o b o \ 10¡. Our results suggest that a linear relation, with turning points, whose heliocentric position depends on the structure of absorbing material along the line of sight, is reasonable for applications in the Galactic plane. Though only one Ðeld was studied in this paper, the results show that star counts are an e †ective way to diagnose the heliocentric reddening distribution in the solar neighborhood, especially in the Galactic plane.
